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実験は、雄性 Slc:SD ラットを用い、8 及び 9 週齢時に無処置または左右腎動脈をそれぞ
れ 3/4 結紮する腎動脈部分結紮処置を行った後、カルシウム濃度に対するリン濃度の割合
を 1/2 から 4 倍量まで変動させた食事を 10 週齢から 47 日間与えて解剖し、種々の解析を
行った。 
その結果、腎動脈部分結紮処置・リン 4 倍量群では、28 日目に著明な体重増加抑制がみ
られたため、動物福祉の観点から安楽殺を行った。また、無処置・リン 4倍量群でも、21日
目から体重減少傾向がみられていた。腎動脈部分結紮処置群では血液学的、血液化学的およ




























































































ンを摂取し、この内の 950 mgが吸収され、その 29%が骨に貯蔵され、血中に 1%未満が存在
する。吸収されたリンの 70%は、細胞内において、交換可能な状態で存在する。リンは、便
中に 150 mg/日、尿中に 800 mg/日が排泄される 11）。血中のリン濃度は、PTH と骨から放出
される線維芽細胞増殖因子 23（FGF23）の2種類のリン利尿因子により調節されている 12,13）。
PTH は，腎臓に発現する副甲状腺ホルモン受容体(PTHR1)に作用してリントランスポーター













































































とが示され、国際腎臓病診療ガイドライン機構（Kidney Disease: Improving Global 
Outcomes (KDIGO）により、「慢性腎臓病に伴う骨ミネラル代謝異常（CKD-mineral and bone 
disorder (CKD-MBD)）」という全身性疾患概念が創出されている 31）。CKD、特にそのステー
ジが進んだ状態では、血中の PTH およびリンの濃度が増加し、活性型ビタミン D 濃度の低
下に加えて高リン血症により PTH合成・分泌が促進され、二次性副甲状腺機能亢進症が引き
起こされる 32）。FGF23は、副甲状腺に作用して PTH の合成・分泌を抑制する 33、34）作用を有




















1.2. 実験材料および方法1.2.1. 使用動物 
動物は、雄性 Slc:SD ラットを日本エスエルシー株式会社より入手し、ステンレス製網蓋
付きポリカーボネート製ケージ（W 25×D 40×H 18 cm）を用いて個別に収容し、温度 21.0






飼料は、PMI Nutrition International社製の固形飼料を 7週間自由摂取させた。各飼料
は、カルシウム濃度に対するリン濃度の割合で表記し、1/2 forage：(5WJX（Ca 0.61%, P 
0.30%）), 1 forage：(5755 Basal （Ca 0.61%, P 0.57%）, 2 forage：(5WJY（Ca 0.61%, 
P 1.20%）), 4:(5WJZ（Ca 0.61%, P 2.40%）とした。なお、対照群の飼料としては、1/2 
forageを用いた。 
1.2.3. 実験デザイン 
動物は、10週齢のラットを合計 30匹購入した。そのうち、20匹は RLを施し、残る 10匹
は無処置のままで、実験に用いた。RLでは、8週齢時に左の腎臓について 4本の腎動脈のう
ち 1 本を残して 3 本を結紮した後に腹腔に戻した。続いて 9 週齢時に、右側の腎臓も同様
に処置した。 
実験は、Table 1に示す各群 5匹の 6群に分けて実施した。実験期間は 48日間で、実験
終了時に動物を屠殺・解剖した。 
Table 1.  Feed content (calcium and phosphorus) and group structure 
Group RL 
Diet food condition Number 
of 
animals 




Control   n.d. 0.61 0.30 1/2 5 
N-2.4 n.d. 0.61 2.40 4 5 
RL-0.3  Treated 0.61 0.30 1/2 5 
RL-0.6 Treated 0.61 0.57 1 5 
RL-1.2 Treated 0.61 1.20 2 5 
RL-2.4 Treated 0.61 2.40 4 5 













































































































Fig. 1.  Body weight change and urinary volume changes of rat chronic kidney 
disease (CKD) model  
(A)Body weights were slightly lower in all of the partial ligation groups compared to 
the control group, both before and at the start of the study (baseline). The body 
weight in the RL-2.4% group continued to decline during the study, reaching levels 
warranting euthanasia on Day 28 from the perspective of animal ethics (i.e. a body 
weight of 80% of or lower than that on Day 0); these animals were therefore euthanized 
before scheduled necropsy. Body weight tended to be low in the N-2.4% group as a result 
of decreased body weight gain, although the change was not significant. No changes 
were observed in any of the other groups. (B)Urinary volume were compared to the 
















































nearly consistently throughout the duration of the study. Symbols indicate mean +/- 
SD. *:Significantly different from the control value.  
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Fig. 2.  Urinalysis changes of rat chronic kidney disease (CKD) model 
The levels of phosphorus in the urine were high from Day 7 until before the animals’ 
emergency or scheduled necropsy in the N-2.4%, RL-1.2%, and RL-2.4% groups, 
particularly in the N-2.4% and RL-2.4% groups (A). The levels of calcium in the urine 
were high in the final measurement of the RL-0.3% group, while the levels tended to 
be low in the N-2.4%, RL-1.2%, and RL-2.4% groups on and after Day 21, although the 
changes were not significant (B). The urine albumin levels were high in the RL-1.2% 
and RL-2.4% groups, and tended to be high in all the other groups except for the 
control and N-2.4% groups. The urinary urea nitrogen levels were high in the N-2.4% 
group on Days 7 and 14, and in the RL-2.4% group on Day 7 (C). The creatinine levels 
were smaller at baseline in all of the groups of animals that had undergone partial 
renal artery ligation (D). No changes were observed in any of the other test items. 
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Fig. 3.  Phosphorus, calcium, blood urea nitrogen, creatinine changes of rat chronic 
kidney disease (CKD) model 
The levels of phosphorus in the blood were markedly high in the RL-2.4% group from 
Day 7 through emergency necropsy, with the N-2.4% and RL-1.2% groups showing 
occasionally high levels (A). The levels of calcium in the blood were low in the RL-
2.4% group, and tended to be low in N-2.4% group, although the difference was not 
significant (B). The blood urea nitrogen (BUN) levels were high at the start of the 
feeding study in the groups of animals that had undergone partial ligation of the 
renal artery, with the N-2.4%, L-0.3%, and RL-2.4% groups showing occasionally high 
levels (C). The creatinine levels were also high at the start of the feeding in the 
groups of animals that had undergone partial ligation of the renal artery, with the 
N-2.4% group continuing to show high levels thereafter (D). Symbols indicate mean +/- 










































































Fig. 4.  Alkaline phosphatase, FGD-23, PTH changes of rat chronic kidney disease 
(CKD) model 
The alkaline phosphatase (ALP) levels reported are those at the time of necropsy; the 
levels tended to be high in RL-2.4% group, although the difference was not significant. 
No changes were observed in any of the other test items or in the other groups (A). 
The levels of FGF-23 were high in RL-2.4% group (B). The levels of PTH tended to be 
high in N-2.4% and RL-1.2% groups, although the differences were not significant (C). 
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Fig. 5.  Histopathological changes of kidney by rat chronic kidney disease 
(CKD) model 
There were clearly defined boundaries between the ligated areas and the normal 
tissues; in the areas around the boundaries, inflammatory interstitial cell 
infiltration, urinary casts, expansion of the renal tubular lumen, fibrous thickening 
of the Bowman’s capsule and the renal tubular basement membranes, as well as the 
degeneration and regeneration of renal tubular epithelial cells, were observed. In 
the RL-2.4% group whose phosphorus intake had been further increased, the kidneys 
were enlarged compared to those in the RL-0.3% group, and expansion of the renal 
tubular lumen and urinary casts were also observed (A, B, C). These changes were 
almost the same as those observed in the N-2.4% group, although no expansion of the 
afferent arteriole lumen and glomerular capillaries was observed (D).  
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Fig. 6.  Histopathological changes of parathyroid by rat chronic kidney 
disease (CKD) model 
In the RL-2.4% group, some of the findings in organs other than kidneys included a 
marked enlargement of the parathyroid compared to the control group, which was 
apparent even under low magnification. Under high magnification, the nuclei of the 
parathyroid parenchymal cells appeared bright, while the chromatin were large and 
disproportionately concentrated in the cornea, and the granular cell bodies were 
prominent in the cytoplasm (A, B)  
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Fig. 7.  Histopathological changes of bone by rat chronic kidney disease 
(CKD) model 
The area directly below the growth plate at the distal end of the femur appeared to 
be clearer, with the trabecular bone area being markedly thicker and the 
hematopoietic cell area narrower (A). Under a high magnification, a marked 
proliferation of mesenchymal cells compared to the control group was observed. In the 
trabecular bone, a marked growth of osteoblasts was observed, as well as a large 
number of osteoclasts (B). In addition, activated osteoblasts formed a line, creating 



































































































Table 1.  Agent dosage and group structure 
Group Frequency of administration 




Animal number  
 (μg/kg/回) (μg/kg/日) 
Control 0 3 0 3 
Low 75 9 5 9 
Middle 100 9 10 9 
















投与開始前 1日から剖検日までの間 1日 2回観察した． 
2.3.2. 体重 
投与開始前 1日に測定し、投与開始後は週 2回投与前に測定した． 
2.3.3. Toxicokinetics 
最終投与時に投与前と投与後 0.25・0.5・1・2・4・6時間に継時的に採血し、被験物質
の全身暴露（TK）について Enzyme-Linked Immunosorbent Assay（ELISA）法により，各採
血ポイントにおける血漿中テリパラチド酢酸塩濃度を測定し評価した。測定は High 






































































Table 2.  Comparison of blood parameters in weekly toxicokinetic measurements 
after 3-month administration for once-daily groups 
The blood levels of PTH 1-34 were measured in animals in the once-weekly and 
once-daily groups after 3 months of administration. Both groups showed elevated 
maximum serum concentrations and total serum concentration in a dose-dependent 














35(5*7) 3308.8 15 900.9* 16.3 
70(10*7) 4200.8 15 1600.9* 29.0 
95.2(13.6 *7) 7685.6 15 2088.8* 37.9 
Weekly  
75 24798.2 30 1277.6 23.2 
100 27684.6 15 1406.1 25.5 
125.4 37280.0 15 1876.8 34.0 
* : AUC for the once-daily groups is multiplied 7x to convert to 1-week exposure. 








*, **: Significantly different from vehicle control group at P<0.05 and P<0.01, 
respectively  
 
Fig. 1.  Growth rate in the BMD measurement by the three months dosage 
BMD for the fourth and fifth lumbar vertebrae, femur, and tibia and were 
found to be higher in the PTH 1-34 groups than in the control groups for each 
of the measurement sites. Once-daily groups showed a marked, significant, 
dose-dependent increase in BMD for all measurement sites at all doses. In 
comparison, a relatively small increase in BMD was observed in the once-
weekly groups and was not dose-dependent. It was statistically significant at 






















Fig. 2.  Change comparison of the weekly administrated group in the Osteocalcin 
measurement by the three months dosage（A :It is show a change to the next 
dosage time(144 hours).）（B: It is show a change to the next dosage time(24 
hours).） 
In the once-weekly groups, OC measurements showed generally non-significant 
transient decreases 6 hours after the administration, except the decrease was 
statistically significant at the high dose at 3 months. Osteocalcin returned 
to pre-injection levels after 24 hrs in all groups and timepoints. The 
measurements continued to increase in the PTH groups, peaking at 72 hrs, and 
then almost returning to pre-injection levels after 144 hrs. This suggests 
that bone formation decreased transiently and then increased several days 
after once-weekly administration, returning to pre-administration levels by 
one week. In the once-daily groups, all PTH-treated groups had significantly 













A 0 μg/kg 75 μg/kg














0 μg/kg 5 μg/kg
10 μg/kg 13.6 μg/kg
32 
 
dose groups showed a slight decrease at 6 hours relative to pre-injection 
levels. At 3 months there was a similar pattern but the changes were not 






Fig. 3.  Change comparison of the once a week administrated group in the NTx 
measurement by the three months dosage （A: It is show a change to the next 
dosage time (144 hours).）（B: It is show a change to the next dosage time (24 
hours).） 
The once-weekly groups showed NTx levels that were not significantly 
different from those of the control groups, except that the levels were 
significantly lower than Control in all 3 dose groups at 144 hours suggesting 
that once-weekly administration does no effect on and may transiently reduce 
bone resorption. Once-daily administration, although showing little change 
for the first 6 hrs, resulted in significantly higher levels after 24 hrs in 
the high- and medium-dose groups at 3 months. This suggests that once-daily 
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The present study was conducted in order to obtain basic information that 
can contribute to the establishment of the strategy to prevent or treat 
osteoporosis.  
 
Effect of the dietary phosphorus and calcium concentrations on osteoporosis  
The internal balance of minerals, especially phosphorus and calcium, is one 
od the major factors for the onset and progress of osteoporosis. It is known 
that damage occurring in the kidney accelerates the disease process, and that 
the dietary mineral balance also essentially influences, but their detailed 
background has largely remained obscure. This study thus aimed to establish a 
rat chronic kidney disease (CKD) model by studying the effects of a high-
phosphorus diet in rats that had undergone partial ligation of the renal 
arteries (RL).  
Separate groups of 10-week-old male Slc:Sprague-Dawley rats underwent RL and 
were fed diets with varying phosphorous levels for a period of 48 days. A 
marked suppression of body weight gain necessitating humane euthanization 
occurred on day 28 in rats that had undergone RL and were given high-phosphorus 
feed. By contrast, the group of intact animals on a high-phosphorus feed 
exhibited a slightly decreased body weight gain from day 21 and survived until 
scheduled euthanization. In rats with RL, hematological, blood biochemical, 
and histopathological analyses demonstrated the presence of CKD-like conditions, 
particularly in the group that were fed a high-phosphorus diet. 
Hyperphosphatemia and hypocalcemia were induced by a high-phosphorus diet in 
both the RL and intact groups, both of which had high levels of FGF23 and 
parathyroid hormone in the blood. Rats with RL on a high-phosphorus diet showed 
decreased hematopoiesis by the hematopoietic cell area being narrower in the 
medullary cavity, proliferation of mesenchymal cells and 
osteoblasts/osteoclasts, and expansion of the osteoid area, a furthermore 
generalized vascular lesions, such as calcification, were observed.  
These findings demonstrate that the partial ligation of the renal arteries 
combined with a calcium–phosphorus imbalance induced by a high-phosphorus diet 
serves as an animal model for CKD-like conditions accompanied by bone lesions, 





New strategy of the treatment of osteoporosis by its existing its therapeutic 
pharmaceutical 
Teriparatide (PTH(1-34)) is an only therapeutic pharmaceutical of 
osteoporosis by inducing the osteogenesis, but currently it is allowed to use 
only once throughout the lifetime because of its potential carcinogenicity 
detected in a nonclinical carcinogenicity study in rats. Recent studies have, 
however, revealed a possibility to avoid the carcinogenic risk of teriparatide 
by modifying the way of its administration. This study thus aimed to 
comparatively examine effects of different ways of the administration of 
teriparatide on its enhancing action on the osteogenesis, and their rationale 
in the treatment of osteoporosis. 
Teriparatide was administered to rats subcutaneously for the duration of 3 
months, at a frequency of either once weekly or once daily to demonstrate the 
varying levels of anabolic action the drug can have on bone depending on the 
dosing frequency. The levels of biomarkers in the blood were compared and found 
to vary in osteocalcin (OC), a biomarker of bone formation, and cross-linked 
N-telopeptide of type 1 collagen (NTx), a biomarker of bone resorption, 
according to the dosing frequency. In the once-weekly regimen, teriparatide 
did not affect NTx levels at any of the doses studied, while OC levels increased 
with dose, peaking at 72 hrs, then returning to normal before the next injection 
(after 1 week). Bone mineral density (BMD) levels increased moderately with no 
difference between doses. This was thought to result from the steady state 
achieved following increases in bone formation and bone absorption. In the 
once-daily dosing regimen, meanwhile, NTx levels increased with dose, and OC 
levels were markedly higher when compared to those with the once-weekly dosing. 
BMD levels were higher than those with the once-weekly dosing, but with no 
difference between doses. This was considered a result of unlimited, excessive 
increases in bone formation due to daily administration of the drug.  
These results suggest that teriparatide promotes normal bone metabolism 
("stationary remodeling") when administered once weekly, and has an anabolic 
action with high metabolic turnover ("high-turnover remodeling") when 
administered once daily. 
 
The above-mentioned achievements of the present study can contribute to draw 
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a strategic picture for the prevention and treatment of osteoporosis, and it 
is safe to say that the aim of the present study has well been accomplished. 
